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Abstract 
Two scoping studies have been undertaken recently investigating the potential application of infrared 
technology for phenotyping several different traits of beef cattle. These studies include the potential for 
non-invasive analysis of hair to discriminate classes of cattle (O’Neill et al. 2017) and analysis of beef 
through skin (Roberts et al. 2017). Infrared technology was used to collect spectra information in two 
different studies from hair and meat in a laboratory setting. Data was analysed using principal component 
analysis (PCA) and partial least squares discriminant analysis (PLS-DA) for classification. In each 
example, leave-one-out cross validation was applied once classification models were developed. Results 
from both studies were positive, with successful classification rates of muscle type and cattle class. This 
preliminary research supports continued investigation of if and how NIR may be developed as a versatile 
in-field beef cattle phenotyping sensor. 
 
Introduction 
Beef production in Northern Australia is complex with a key attribute of irregular husbandry and human 
and cattle interactions (Bertolussi et al. 2005). The extensive nature of these systems demands low cost, 
intervention and labour inputs. Due to the limited observation of livestock, the development and 
implementation of precision livestock technologies designed to support this has great potential. The last 
decade has seen a rise in the development of precision livestock management technologies. However, 
precision livestock farming in extensive grazing production systems has been slow. Hocquette et al. 
(2012) highlighted to increase uptake of precision livestock management methods, cheap, rapid and 
reliable phenotype collection spanning across the supply chain is required.  
As defined by Greenwood et al. (2016), animal phonemics refers to “the next generation of animal trait 
measurement, including methodologies and equipment used to acquire data on traits, and computational 
approaches required to turn data into phenotypic information”. The development of animal phonemics is 
considered promising for improving the efficiency of livestock at pasture (Greenwood et al. 2016). 
A common inefficiency of Northern Australian cattle production is reproduction rates. Reproduction 
efficiency is considered complex and difficult to measure in commercial, extensive pasture production 
systems as it is the result of multiple components which may or may not be correlated (Greenwood et al. 
2016). Influences include those related to physiology, infectious diseases, climate, nutrition and genetics 
(Burns et al. 2010). A survey of 15 Northern Territory breeders found a mean of 75% of maiden heifers 
conceived, yet approximately 20% lost their calves before weaning (Schatz, 2012). Without clear 
knowledge of herd composition (I.e. cows and calves), it is difficult to determine where reproductive 
inefficiencies are the largest; with key industry losses identified throughout the reproductive cycle 
including point of conception, during pregnancy and calf survival to weaning (Burns, et al. 2010). 
Understanding herd dynamics can be useful for improving the management of feed, replacement 
females, cattle sales, overall productivity and husbandry related to specific cattle classes. Inefficiencies in 
production may be more easily identified if the numbers of animals in each class were known. For 
example, knowing calf numbers at various times of the year could provide insight on reproductive 
efficiency pre- and post- parturition. 
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Together with considering issues related to production efficiency, is the consideration of a product which 
meets consumer demand. There can be large variation in the quality of beef products. Post farm gate, 
emphasis on meat quality and traceability is growing with consumer demands increasing for good eating 
quality of animal products (Grunert, 2006). The high variability of beef palatability is a contributing factor 
of consumer dissatisfaction (Legrand et al. 2013). In order to address this issue in Australia, MLA has 
developed a grading scheme, Meat Standards Australia (MSA) which is used to predict the meat quality 
(Legrand et al. 2013). However, product quality and consistency continues to influence consumer choice. 
The two issues highlighted appear to be quite different. Despite this, a single technology has been 
identified as having potential to address both (O’Neill et al. 2017, Roberts et al. 2017). More advanced 
phenotyping techniques, including those related to reproductive performance could see fundamental 
advances to livestock production (Greenwood and Bell 2014; Greenwood et al. 2014; Greenwood et al. 
2016). This paper explores two scoping studies addressing the potential of this one technology, near 
infrared (NIR) spectroscopy, to phenotype cattle traits related to two very different issues of beef 
production in Australia. 
The use of spectroscopy for animals and their products 
NIR spectroscopy has been utilised for classification and measurement of agricultural commodities since 
the 1960s, with increasing expansion in recent years (Roberts et al. 2017). This expansion can be 
attributed to fast data collection and analysis, relatively low cost and the ability to assess many attributes 
simultaneously (Dufor, 2008; Osborne et al. 1993). As infrared light can penetrate living tissue, NIR 
spectroscopy has the potential to analyse traits in live animals and humans (Zamora-Rojas et al. 2013; 
Azizan et al. 2008; Bashkatov et al. 2005a; Bashkatov et al. 2005b; Jacques, 2013). Two areas of 
application include hair and meat analysis. 
NIR analysis of hair has been used to identify and classify between and within mammal species 
(Hutchinson et al. 1975; Gates, 1980; da Silva et al. 2003; Bortolot & Prater, 2009). Bortolot and Prater 
(2009) demonstrated inter species identification using hyperspectral analysis in a rangeland situation. An 
important consideration for the success of spectroscopic analysis is the influence of sample location on 
an animal and sensor geometry (Hutchinson et al. 1975; Gates, 1980). While, animal identification is 
possible, there is limited literature on the potential for discerning phenotypic traits within a herd of cattle. 
Quantitative and qualitative meat analysis using NIR spectroscopy has been demonstrated as an easy 
and quick tool for carcass and product grading (Prieto et al. 2009; Zamora-Rojas et al, 2013; Prevolnik et 
al. 2004). However, use for live cattle assessment has previously been reported to be complicated by the 
complex structure and components of the skin (Zamora-Rojas et al. 2013; Ding et al. 2005; Renaudeau et 
al. 2006). 
Scoping study one: Phenotyping beef cattle class and sex 
The characteristics of an animal’s hair has played a key role fitness evolution of cattle (O’Neill et al. 
2010). It has long been demonstrated that hair holds information on an animal’s genotype (DNA) (Troy et 
al. 2001) and their environment. For example, cortisol can be measured in hair to get an indication of 
stress (Moya et al. 2013).  
O’Neill et al. (2017) presents preliminary research on the use of NIR spectroscopy for classifying cows, 
calves and calf sex. Tail hair samples from Brahman cows and their calves were obtained grazed at 
Belmont Research Station in north-eastern Australia. Cow ages ranged between 2 and 12 years and 
calves ranged from 18-29 weeks old.  
The hair spectra was measured with a Thermo Scientific Antaris FT-NIR Analyzer (Thermo Fisher, 
Madison, USA) in the NIR region (680-2500 nm) (O’Neill et al. 2017). Multivariate analysis software The 
Unscrambler X (CAMO AS, version 10.3, Oslo, Norway) was used for data analysis. Spectra were 
analysed using principal component analysis (PCA) to explore the relationship between the samples and 
to identify any outliers (O’Neill et al. 2017). Furthermore, partial least squares discriminant analysis  
(PLS-DA) regression discrimination models for the cattle hair were developed (O’Neill et al. 2017). The 
threshold for cattle categories was estimated using baysian statistics with the predicted values assumed 
to follow a distribution similar to what is expected for future samples (Brereton, 2003, 2007; Naes et al. 
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2002, cited in O’Neill et al. 2017). The development of the model for calf sex followed the same process 
(O’Neill et al. 2017). 
The eigenvectors for the first two principal components were investigated in order to identify specific 
regions in the NIR spectra that explain the separation between samples. The results are shown in  
Figure 1. Key areas identified by O’Neill et al. (2017) were at 1400 and 1900 nm which are related to C-H 
combinations and O-H stretch overtones, associated with aromatic compounds (Workman and Weyer, 
2008). The classification model was successful with correct classification rates of 92% for cows and 100% 
for calves (O’Neill et al. 2017). 
 
Figure 1. Second derivative mean NIR spectra of tail hair samples from different origins  
(calf - - -; black hair cow ……; brown haired cow ___) Adapted from O’Neill et al. (2017). 
 
Near infrared spectroscopy provided valuable information for distinguishing the cattle class (cow or calf) 
and the sex of calves in the preliminary investigation (O’Neill et al. 2017). Discriminant analysis along with 
chemometrics has the potential harness the capability of NIR as a non-invasive tool for cattle 
categorisation (O’Neill et al. 2017). There is also potential for type of data collection and analysis beyond 
cow and calf identification towards animal associations related to genetic, nutrition and health status 
(O’Neill et al. 2017). 
Scoping study 2: Identification of meat traits 
The optical properties of commercial beef meat cuts (Rump, Gluteous medius; and T-bone steak, 
Semitendinosus and Semimembranosus) with subcutaneous fat present were analysed with and without 
the presence of skin. Five combinations of the tissue and skin were analysed using a FT NIR instrument 
(Antaris II, Thermo, USA) with the wavelength region of 700-2500nm. 
The spectra obtained in this scoping study used the same chemometric analysis techniques as for the 
cattle classification. This included PCA with leave-one out cross validation and PLS-DA, with the models 
defined by the prediction residual error sum of squares (PRESS) function to avoid overfitting (Roberts et 
al. 2017).  
The second derivative of the average NIR spectrum of the skin, muscle, fat, skin plus fat and skin plus 
muscle were evident at several wave numbers (Roberts et al. 2017). Key differences in the spectra were 
identified at wavenumbers known to correspond to moisture, protein, cartilage and lipids (Roberts et al. 
2017). It was concluded that absorbance differences could have been related to different ratios of protein 
and collagen (Roberts et al. 2017). 
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Figure 2. An example of the PCA results from the meat spectral analysis, a score plot of fat and skin 
plus fat in the meat samples analyses using near infrared spectroscopy. Adapted from Roberts et al. 
(2017). 
 
The PCA results presented in Figure 2 highlight clear differences between the loadings the first and 
second principal components, which indicated different spectral information could be linked with different 
tissue constituents (Roberts et al., 2017). Correct classification of muscle type, fat, skin and the 
combinations of each was between 60-70% (Roberts et al. 2017), indicating that the NIR method used in 
this research can be used to distinguish different tissues through beef skin. Penetration of light within 
biological tissues is typically 10mm or longer (Murray and Cowe, 2004) and it appears in this study, the 
light penetration from the NIR method used was exceeding skin depth and detecting traits of underlying 
tissue. 
 
Conclusion 
Spectroscopy combined with chemometric analysis techniques, including PCA, has proven to be versatile 
for providing valuable information related to key phenotypic traits in several biological examples. This 
includes the classification of cattle (cow or calf) and the sex of calves from hair samples and muscle type 
through hide. These studies were completed using destructive hair and meat samples, however there is 
potential to collect spectral data of this nature non-invasively from the live animal.  
The methodologies applied in the two scoping studies, NIR spectroscopy (combined with chemometric 
data analysis) demonstrated the versatility highlighted in the literature. This versatility, combined with the 
low cost per sample and the ability to non-destructively sample in the field, positions this technology well 
for future research in phenotyping. However, due to the preliminary nature of the research reviewed more 
work needs to be completed before practical recommendations for the cattle industry can be made. 
Further investigations into the methodology for live animal sampling, the extent to which phenotype 
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classification in the field can be done and the potential for phenotyping other important traits are the next 
steps. 
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